Introduction
============

The kidney undergoes a number of changes in internal structure and function during pregnancy. During normal pregnancy, the placenta and mother produce large amounts of hormones including human chorionic gonadotropin (HCG), human placental lactogen (h-PL), steroid hormones and estrogen ([@b1-etm-0-0-3620]). Such changes in hormone levels can lead to changes in angiotasis and increase water-sodium retention and the volume load, resulting in changes of maternal hemodynamics and kidney structure and function ([@b2-etm-0-0-3620]--[@b6-etm-0-0-3620]). During normal pregnancy, 24-h urine protein and urinary albumin excretion increase significantly after 20 weeks to 200--300 mg and 12--19 mg, respectively. The maximum urinary protein content can reach 500 mg/24 h ([@b7-etm-0-0-3620],[@b8-etm-0-0-3620]).

The random urine albumin-creatinine ratio (ACR) is a reliable method for determining the urine protein-creatinine ratio and monitoring urinary protein excretion. The determination of the urine protein-creatinine ratio can effectively reflect the 24-h urine protein content of pregnant women. It is fast, simple, accurate and has other positive aspects that make it an ideal clinical indicator for the qualitative and quantitative diagnosis of proteinuria and for follow-up. It can replace the traditional 24-h urine protein excretion quantification method ([@b5-etm-0-0-3620]). Clinically, proteinuria is often determined with 24-h urine protein, and normal urinary protein content is generally less than 0.15 g/24 h. However, this method is associated with difficulties such as being greatly influenced by maternal compliance. This is because of the longer urine sample collection time, especially when colleting 24-h urine sample from patients with young children. Therefore, the urine protein-creatinine ratio can be determined immediately to predict the 24 h urine protein content ([@b9-etm-0-0-3620]).

In the present study, random urine ACR was incorporated into evaluation and the perinatal outcomes of women were tracked and observed. Various risk factors affecting gestational hypertension and proteinuria were comprehensively analyzed to identify the risk factors of proteinuria of pregnant women with hypertension.

Patients and methods
====================

### Inclusion and exclusion criteria

The inclusion criteria of the study were: i) Women of childbearing age, \>18; and ii) those with proteinuria during pregnancy. The exclusion criteria for the study were: i) Diabetes before pregnancy and previous history of hypertension; ii) pregnant women with lung infection, urinary system infection or other infections, cancers of the reproductive system or breast cancer; iii) heart, liver, kidney, lung and other organ failure; iv) dying from any diseases; v) abnormal blood clotting mechanism; vi) pregnant women or their families who could not provide cooperation; vii) history of mental illness; viii) not reaching the expected date of confinement or those whose families required terminating the pregnancy.

### Clinical data

A total of 6,758 pregnant women with pregnancy-induced hypertension and proteinuria were randomly selected in the Yantai region from September, 2009 to June, 2011. The average age of participants was 25.3±12.6 years, with mean arterial pressure of 118.5±21.3 mmHg and 24-h urine protein content of 121.7±14.5 mg.

### Data collection

An experienced gynecologist collected the detailed medical history, conducted the physical examination on the participants and recorded their age, gender, height, weight, body mass index (BMI), blood triglyceride, blood low-density lipoprotein cholesterol, blood high-density lipoprotein cholesterol, serum insulin, fasting blood glucose, glycated hemoglobin, aspartate transaminase, γ-glutamyl transpeptidase, creatinine, history of hypertension and history of diabetes.

### Diagnostic criteria

The diagnostic criteria were as follows ([@b5-etm-0-0-3620]): According to the 1999 WHO diagnostic criteria, ≥2 measurements were carried out where systolic blood pressure \>140 mmHg or diastolic blood pressure \>90 mmHg, or antihypertensive medications were being taken.

According to the 1999 WHO-IDF standards published, ≥2 random measurements were carried out where blood glucose \>11.1 mmol/l or fasting glucose \>7.0 mmol/l, there was definitive history of diabetes, or hypoglycemic agents were being taken.

Urine ACR ratio was reliably correlated with 24-h urine protein and the reference value was generally in the range of 0.10--0.20.

First morning urine was completely drained and urine was collected from the second urination. The first urine time was recorded and used as reference for 24 h on the following day. All urine within 24 h was placed in a container and mixed evenly, then 100--200 ml was extracted. The protein content in the healthy urine was generally 40--80 mg. Beyond this range, the diagnosis of proteinuria was made.

Glomerular filtration rate (GFR): The amount of filtered liquid generated from the two kidneys of normal adults was 80--120 ml/min.

Other biochemical indicators were tested with the assistance of the clinical laboratory of Yantaishan Hospital (Shandong, China).

The APGAR score ([@b8-etm-0-0-3620]) included skin color, heart rate, reaction of flicking planta pedis or inserting nasal tube, muscle tension and breathing of the delivered newborn ([Table I](#tI-etm-0-0-3620){ref-type="table"}).

### Statistical analysis

Data were presented as mean ± standard error. The Pearson correlation analysis was performed to investigate associations between various indicators. In addition, multivariate and logistic regression analyses were carried out to identify the variables predictive of APGAR scores. P\<0.05 was consideted to indicate a statistically significant difference.

Results
=======

### General clinical parameters of the enrolled participants

A total of 6,758 pregnant women with combined gestational hypertension and proteinuria diagnosed at the Department of Obstetrics and Gynecology in Yantaishan Hospital from September, 2009 to June, 2011 were randomly selected for the study. Kidney function, blood pressure, history of gravidity and parity, embryo number and birth weight of the enrolled participants were determined. The average age of participants was 25.3±12.6 years, with mean arterial pressure of 118.5±21.3 mmHg and 24-h urine protein content of 121.7±14.5 mg. According to the medical examination information of pregnant women, various indicators were recorded before and after pregnancy and statistical analysis was performed ([Table II](#tII-etm-0-0-3620){ref-type="table"}).

### Pearson correlation analysis between perinatal outcomes and other factors

We recorded and statistically analyzed the APGAR scores of newborns delivered by the participants. According to a literature review, the indicators affecting APGAR score during pregnancy were screened as independent variables and a correlation analysis was performed. The results showed that BMI ([Fig. 1](#f1-etm-0-0-3620){ref-type="fig"}), urinary ACR ([Fig. 2](#f2-etm-0-0-3620){ref-type="fig"}) and GFR ([Fig. 3](#f3-etm-0-0-3620){ref-type="fig"}) of pregnant women were related to the APGAR score and the differences were statistically significant (P\<0.05; [Table III](#tIII-etm-0-0-3620){ref-type="table"}).

### Multivariate and logistic regression analysis on perinatal outcomes and other factors

A logistic regression analysis on all risk factors was performed, and we found that urine ACR and the APGAR score were positively correlated and the correlation coefficient was −0.0951. The difference was statistically significant (P=0.001; [Table IV](#tIV-etm-0-0-3620){ref-type="table"}).

Discussion
==========

Proteinuria during pregnancy severely affects the health of the fetus and mother ([@b2-etm-0-0-3620]). In normal delivery or after termination of pregnancy, these changes may gradually be restored. Under the physiological environment of pregnancy, previous kidney diseases may become worse and severe cases may cause new kidney damage such as acute renal failure ([@b5-etm-0-0-3620],[@b7-etm-0-0-3620],[@b9-etm-0-0-3620]--[@b11-etm-0-0-3620]). From the classification of pregnancy-related kidney diseases, kidney diseases caused by pregnancy do not include pre-eclampsia and eclampsia-induced renal lesions, or diseases occurring before pregnancy such as preeclampsia-associated focal segmental glomerulosclerosis. Some kidney diseases before pregnancy such as focal segmental glomerulosclerosis, IgA nephropathy, membranous nephropathy, reflux nephropathy and even lupus nephritis may be triggered by pregnancy. In addition, hemolytic uremic syndrome and renal cortical necrosis after pregnancy is not uncommon ([@b12-etm-0-0-3620]--[@b16-etm-0-0-3620]). In the present study, the average age of enrolled women was 25.3±12.6 years, with mean arterial pressure of 118.5±21.3 mmHg and 24 h urine protein content of 121.7±14.5 mg. None of the pregnant women had significant hypertension or proteinuria prior to pregnancy.

We determined the indicators associated with proteinuria during pregnancy from the relevant literature and statistically analyzed them in the study participants. The results showed that the BMI, urine ACR and GFR of pregnant woman were associated with the APGAR score and the differences were statistically significant (P\<0.05). The Pearson correlation analysis diagram for BMI and APGAR score was y=2.8035x-3.492, but in multivariate analysis (P\>0.05). During pregnancy, change in weight is highly related to gestational week and fetal weight, although we found there was a linear relationship between weight and the APGAR score. However, there were many confounding factors in the linear relationship, and after the exclusion of these factors, no significant correlation between BMI and APGAR score was found (P\>0.05).

We also analyzed the relationship between GFR and the APGAR score and found that y=−11.929x+135.36 (P\>0.05). According to previous literature, an increase in GFR mainly occured because of increased space between glomerular podocytes, caused by renal lesions. Among women with hypertensive proteinuria, the hypertension-induced glomerular perfusion pressure was significantly increased because membrane filtration permeability was increased. In addition, HCG, h-PL, steroid hormones and estrogen during pregnancy may have increased GFR. Decreased negatively charged salivary proteins on the filtration membrane attenuated the repulsion effect on albumin which was also negatively charged, and proteinuria occurred. However, it was not considered the influencing factor on perinatal outcome.

The determination of urine protein-creatinine ratio can effectively reflect the maternal 24-h urine protein content and excludes the result bias caused by poor compliance and many other factors. In the present study, we found a linear relationship between maternal ACR and APGAR score, y=−0.0951x-0.7623 (P\<0.05), suggesting that proteinuria may affect the fetus in utero, thereby affecting perinatal outcomes. Previous studies showed that if early proteinuria during pregnancy was \>300 mg/24 h, careful clinical attention should be given. These patients were frequently combined with gestational hypertension, leading to reduced fetal survival rate, growth retardation and premature birth ([@b13-etm-0-0-3620],[@b15-etm-0-0-3620],[@b16-etm-0-0-3620]--[@b18-etm-0-0-3620]). Proteinuria during pregnancy can manifest as mild proteinuria, combined proteinuria and hypertension, severe pre-eclampsia, severe eclampsia and other serious obstetric complications that potentially cause hypoxia, acidosis, bleeding, microcirculation, multiple organ failure and other serious complications ([@b19-etm-0-0-3620]--[@b22-etm-0-0-3620]).

In summary, there is an important correlation between perinatal maternal ACR and perinatal outcome. The increase in random urine ACR may predict postpartum outcome. Intervention in early pregnancy or before pregnancy has important clinical significance in reducing adverse complications for infants and mothers such as hypertension in pregnancy and improving the outcome of pregnancy.
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###### 

APGAR score criteria.

                                                              Score criteria                                                                  
  ----------------------------------------------------------- ---------------- -------------------------------------------------------------- ------------------------
  Skin color                                                  Purple or pale   The body was purplish red and the limbs were blue and purple   The whole body was red
  Heart rate (beats/min)                                      None             \<100                                                          \>100
  Reaction of flicking planta pedis or inserting nasal tube   No response      Some actions were made (such as frowning)                      Cried and sneezed
  Muscle tension                                              Loose            Limbs were slightly buckled                                    The limbs moved freely
  Breathing                                                   None             Slow and irregular                                             Normal, cried loudly

###### 

Summary of baseline clinical data of participants.

  Data               Age, years   HC^[a](#tfn1-etm-0-0-3620){ref-type="table-fn"}^, month   SBP, mmHg    DBP, mmHg   MAP, mmHg     BMI^[a](#tfn1-etm-0-0-3620){ref-type="table-fn"}^, (kg/m^2^)   AST, U/l     ALT, U/l     GGT, U/l     FPG, mmol/l   HbA1C, %    TC, mmol/l   HDL-C, mmol/l   LDL-C, mmol/l   GW^[a](#tfn1-etm-0-0-3620){ref-type="table-fn"}^   Urine ACR   GFR, (ml/min)   Cr, mmol/l
  ------------------ ------------ --------------------------------------------------------- ------------ ----------- ------------- -------------------------------------------------------------- ------------ ------------ ------------ ------------- ----------- ------------ --------------- --------------- -------------------------------------------------- ----------- --------------- -------------
  After pregnancy    24.3±16.4    --                                                        102.4±27.5   66.8±12.7     87.3±12.6   24.31±1.8                                                      17.83±2.4    13.25±4.2    18.12±1.4    3.25±0.27     4.82±0.13   178.6±22.3   68.4±10.1       98.6±11.3       --                                                 0.13±0.06   92.8±12.5       58.2±12.7
  Perinatal period   --           3.27±3.27                                                 138.5±30.5   82.4±22.8   118.5±21.3      19.7±2.4                                                       17.2±2.1     12.7±3.6     17.6±2.2   4.27±0.85     4.70±0.43   185.4±20.6   67.5±13.5       98.5±10.2       36.4±1.8                                           0.87±0.23   67.8±24.2       263.7±80.38
  T-value            --           --                                                        22.5         21.7        24.8          12.83                                                          0.24         0.22                      6.31          0.37        0.82         0.25            0.37            --                                                 28.9        28.7            23.6
  P-value            --           --                                                        0.002        0.002       0.001         0.017                                                          0.79         0.78                      0.06          0.62        0.25         0.31            0.66            --                                                 0.001       0.001           0.001

Related to the gestational week. HC, hypertension course; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; BMI, body mass index; AST, aspartate transaminase; ALT, alanine transaminase; GGT, γ-glutamyl transpeptidase; FPG, fasting plasma glucose; HbA1C, hemoglobin A1C; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; GW, gestational weeks; ACR, albumin-creatinine ratio; GFR, glomerular filtration rate; Cr, Creatinine.

###### 

Correlation analysis between the APGAR score and the detection indicators of pregnant women.

  Indicator   Gender   Age      SBP, mmHg   DBP, mmHg   AST, U/l   ALT, U/l   logGGT, U/l   FPG, mmol/l   BMI^[a](#tfn2-etm-0-0-3620){ref-type="table-fn"}^, kg/m^2^   HbA1C, %    TC, mmol/l   HDL-C, mmol/l   LDL-C, mmol/l   GW^[a](#tfn2-etm-0-0-3620){ref-type="table-fn"}^   Urine ACR   GFR, ml/min   Cr, mmol/l
  ----------- -------- -------- ----------- ----------- ---------- ---------- ------------- ------------- ------------------------------------------------------------ ----------- ------------ --------------- --------------- -------------------------------------------------- ----------- ------------- -------------
  APGAR                                                                                                                                                                4.70±0.43   185.4±20.6   67.5±13.5       98.5±10.2       36.4±1.8                                           0.87±0.23   67.8±24.2     263.7±80.38
  r             0.02     0.35     0.16        0.28        0.24       0.15       0.06          0.38          2.80                                                         0.37        0.823      0.252             0.371           0.243                                            −0.095      −11.93        0.164
  P-value     \>0.05   \>0.05   \>0.05      \>0.05      \>0.05     \>0.05     \>0.05        \>0.05        \<0.05                                                       \>0.05      \>0.05       \>0.05          \>0.05          \>0.05                                               0.003       0.001       0.365

When full term. SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate transaminase; GGT, γ-glutamyl transpeptidase; FPG, fasting plasma glucose; BMI, body mass index; HbA1C, hemoglobin A1C; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; GW, gestational weeks; ACR, albumin-creatinine ratio; GFR, glomerular filtration rate; Cr, Creatinine.

###### 

Logistic regression analysis on the newborn APGAR score and influencing factors.

             (95% CI)                                         
  ---------- ---------- ------ ------- ------- ------- ------ ------
  GFR        0.581      0.10   0.642   0.652   0.362   0.39   0.78
  m-Alb/Cr   0.243      0.01   0.352   0.431   0.001   0.21   0.80
  BMI        0.768      0.08   0.871   0.981   0.325   0.61   0.92

CI, confidence interval; GFR, glomerular filtration rate; BMI, body mass index; β, regression coefficient; SE, standard error.
